Intracytoplasmic sperm injection (ICSI) is a delicate procedure requiring considerable skills of the person performing it. Theoretically, the injection procedure could damage cytoplasmic structures in the oocyte, resulting in sublethal cellular injury and/or numerical chromosomal abnormalities that could lead to impaired embryonic development. In the present study, features of the injection procedure were evaluated in a total of 2924 oocytes from 305 cycles. Development to the blastocyst stage was found to be compromised in a group of surplus embryos originating from oocytes in which >6 pl of cytoplasm was aspirated into the injection pipette during the ICSI procedure. Characteristics of the injection procedure as well as blastocyst development of surplus embryos was shown to be significantly different between the four technicians performing the ICSI. Neither the volume of cytoplasm aspirated during the injection procedure, nor the position of the polar body (6 o'clock or 12 o'clock) influenced the mean incidence of disomic cells per blastocyst as revealed by fluorescence in-situ hybridization using probes specific for chromosomes X, Y and 18. In conclusion, certain technical aspects of the injection procedure can affect subsequent embryonic development to the blastocyst stage, but do not seem to influence the rate of chromosomal abnormalities that occur in human pre-implantation embryos.
Introduction
expected in the general population, but this fact is probably linked directly to the characteristics of the subfertile men Since 1992, when the first four pregnancies were reported treated rather than to the ICSI procedure itself (Bonduelle (Palermo et al., 1992) , intracytoplasmic sperm injection (ICSI) et al., 1996) . has rapidly become the assisted reproduction procedure of In spite of these reassuring results, concern has been raised choice for treatment of severe male-factor subfertility (Van about the potential dangers of the ICSI procedure. Theoretically, Steirteghem et al., 1993 Steirteghem et al., , 1998 . In a recent review, the ESHRE both the injection technique itself, as well as the possible Task Force on ICSI (Tarlatzis and Bili, 1998) , reported that in injection of abnormal spermatozoa, can affect oocyte and 1995 a total of 23 932 ICSI cycles was performed worldwide by 101 centres. The success rate obtained by ICSI is high, as subsequent embryo quality. During injection, it cannot be illustrated by a viable pregnancy rate of 21% per cycle reported avoided that a small quantity of medium, which contains previously (Tarlatzis and Bili, 1998) . The procedure seems potentially harmful components, is injected into the oocyte. also to be safe, as the incidence of major and minor congenital Also, physical damage to cytoplasmic structures can possibly malformations in the group of children born after ICSI is be inflicted by a traumatic injection. Aspiration of cytoplasm similar to those reported for IVF, both in the range observed into the pipette, resulting in breakage of the oolemma, is in the general population (Bonduelle et al., 1996 ; Tarlatzis regarded as proof that the spermatozoon is delivered into the and Bili, 1998). The incidence of de-novo chromosomal cytoplasm of the oocyte. However, although care is taken to aberrations in children born after ICSI is slightly higher than minimize the volume of cytoplasm that is aspirated, it cannot be avoided that in some cases a considerable volume is aspirated into the injection pipette after the membrane has *These data were presented in part at the 15th Annual Meeting of been broken. It can be speculated that in such cases cytoplasmic the European Society for Human Reproduction and Embryology (ESHRE), Tours, France, June [27] [28] [29] [30] 1999 structures will be damaged, resulting in cellular injury.
polyvinylpyrrolidone (PVP) solution. Each ICSI procedure was
In view of these possible risks, it may be postulated that performed by two technicians, each injecting half of the number of zygotes originating from ICSI have a higher incidence of oocytes. In this way, the possibility of a patient-related factor sublethal cell damage and subsequent impaired embryonic influencing the individual technician results was minimized.
development as compared to zygotes originating from convenFurthermore, the ICSI procedures were randomly assigned to any tional IVF. Indeed, it has been reported by us (Dumoulin et al., two of the four technicians. The injection procedure was observed 2000) and others (Moreno et al., 1998; Peters and Catt, 1998;  by the second technician on a monitor connected to the microscope. Shoukir et al., 1998) cysts, were assessed in relation to features of the injection no membrane breakage was observed, the location of the membrane procedure performed on the oocyte from which the blastocysts inside the pipette during the application of suction at the time the originated.
procedure was discontinued was taken as the farthest point reached by the aspirated cytoplasm. The data on the farthest point reached by the aspirated cytoplasm were converted to volumes (in pl) by
Materials and methods
calibrating the monitor measurement using a micrometer scale Patients observed under the microscope at the same magnification. During a period of about 2 years, 305 ICSI treatment cycles that had Culture procedures at least four oocytes available for injection were included in this After ICSI, oocytes and embryos were cultured individually in 20 µl study. Indications for ICSI treatment were: male subfertility in 282 droplets covered by mineral oil in either a commercially available cycles, and no fertilization in previous IVF cycles in 23 cycles. Male medium (IVF-50 TM ; Scandinavian IVF Science AB, Gothenburg, subfertility was defined as having a progressive motile sperm density Sweden), or 'in-house' prepared human tubal fluid medium of Ͻ3ϫ10 6 /ml in combination with Ͻ5% morphologically normal supplemented with 9% human serum protein solution, and in an spermatozoa, evaluated using strict criteria (Enginsu et al., 1992) .
atmosphere of either 5% O 2 , 5% CO 2 and 90% N 2 , or 5% CO 2 in Males presenting on several occasions with extreme oligozoospermia air. Culture procedures, as well as the allocation procedure that (Ͻ5ϫ10 6 /ml total sperm density) were karyotyped and, when an ensured a random distribution of treatments over the different culture abnormal karyotype was found, excluded from treatment.
techniques have been described in detail earlier (Dumoulin et al. , The stimulation protocol used has been described previously 1999, 2000) . All manipulations to oocytes and observations of oocytes (Land et al., 1996) . In summary, the gonadotrophin-releasing hormone and embryos were performed on heated stages. (GnRH) agonist nafarelin (Synarel; Searle BV, Maarssen, The
Oocytes were checked for the presence of pronuclei and for Netherlands) was used in combination with human menopausal degeneration or lysis (probably as a result from the injection procedure) gonadotrophin (HMG) (Pergonal; Serono, Amsterdam, The at 18-20 h after injection. Embryo replacement was performed at the Netherlands/Humegon; Organon, Oss, The Netherlands) to stimulate second or third day after oocyte retrieval. If available, two or three multiple follicular development. Follicle growth was monitored by embryos, depending on the developmental stage and morphological ultrasound, and 5000 IU of human chorionic gonadotrophin (HCG) appearance of the embryos, as well as on the age of the patient, were (Pregnyl; Organon) was given as soon as the dominant follicle was transferred to the uterus of the patient. judged to be mature (Ͼ18 mm), to induce final follicular and oocyte After embryo transfer, any supernumerary embryos originating maturation. Ultrasound-guided oocyte retrieval was performed 34-from normally fertilized zygotes were cultured until the third day 35 h after HCG administration. ICSI was performed~5 h after after oocyte retrieval. Cryopreservation of supernumerary embryos oocyte retrieval.
was performed when, at 63-67 h after insemination, one or more ICSI procedure embryos had reached the 8-cell stage or more, and when they were of good morphological quality (grades III and IV; Bolton et al., Removal of cumulus and corona cells, as well as the microinjection 1989). This strict policy allowed cryopreservation to be performed procedure have been described previously (Dumoulin et al., 2000) . only in those cases in which the chance of success after freezing and Only oocytes at metaphase of the second meiotic division that did thawing was highest. When cryopreservation was not performed, any not show obvious signs of degeneration were used for ICSI. Only surplus embryos were left in culture. motile spermatozoa were used for injection, and care was taken to select morphologically normal spermatozoa, if available. They were Fluorescence in-situ hybridization (FISH) analysis of blastocysts immobilized by touching the tail with the micro-injection needle, and resulting from the culture of surplus embryos injected head-first into the oocyte with the polar body at either 6 or 12 o'clock to avoid the passage of the pipette through the cytoplasmic On the morning of day 5 after ovum retrieval, surplus embryos that cavitated to form blastocyst-like structures (defined as a rim of cells region containing the meiotic spindle with the oocyte chromosomes. The pipette was inserted through the zona pellucida and well into the surrounding a large cavity of extracellular fluid accumulated within the embryo) were fixed and stained with 4Ј,6-diamidino-2-phenylindole oocyte (~75% of the oocyte diameter). In all oocytes, the oolemma was drawn into the injection pipette in order to rupture the membrane.
(DAPI) as described previously (Coonen et al., 1994) . The number of nuclei stained with DAPI was taken as the number of cells of the After breakage, care was taken that as little cytoplasm as possible was aspirated into the injection pipette, and the spermatozoon was embryo. All other embryos, including those that had only just started to form a small blastocoelic cavity, were cultured for another day injected into the oocyte with the smallest volume possible of the Table I . At 18-20 h after ICSI, 219 specific DNA probes as described previously (Harper et al., 1994 (86.6%) exhibited membrane breakage after suction of the membrane into the pipette. In a minority of the oocytes, either
Statistical analysis
the membrane was broken immediately in the course of the The χ 2 test was used to assess differences for categorical variables.
insertion of the injection pipette through the zona pellucida
If the overall χ 2 test showed statistically significant differences, Bonferroni's correction was applied when comparisons between (9.4% of oocytes), or the attempt to break the membrane was groups were performed. Means were analysed using Student's t-test discontinued because too much suction had to be applied, and or analysis of variance (ANOVA), where appropriate. When the the spermatozoon was injected without a membrane breakage ANOVA test showed significant differences (P Ͻ 0.05), differences having been noticed (4.1%). As can be seen in Table I or surplus embryos were cryopreserved. Of 783 individually cultured surplus embryos, 148 (18.9%) developed to the Results blastocyst stage. No significant correlation was found between A total of 305 ICSI cycles met the inclusion criteria of: (i) at the patients' age and the percentage of surplus embryos least four metaphase II oocytes were obtained; (ii) the injection developing to the blastocyst stage per cycle. Also, no significant procedure was performed by two persons, each injecting differences in development to the blastocyst stage with respect approximately half of the number of oocytes; and (iii) all to the type of membrane breakage were found (Table I) . oocytes and embryos were cultured individually in droplets Degeneration and fertilization rates and development of under oil. The effects of several technical aspects of the ICSI surplus embryos to the blastocyst stage in relation to the procedure on fertilization and development of surplus embryos volume of aspirated cytoplasm (calculated as the volume of to the blastocyst stage are summarized in Tables I to IV. None fluid inside the injection pipette from the tip to the farthest of the groups in any of the investigated aspects of the ICSI point reached by the aspirated cytoplasm during the injection procedure showed significant differences for the following procedure) are summarized in Table II . Only in a minority of patient characteristics: age; duration; and type of infertility.
oocytes (n ϭ 227; 7.8%) was Ͼ6 pl of cytoplasm aspirated. Furthermore, no significant differences in embryo development Development to the blastocyst stage of surplus embryos in were found during the first 3 days after ICSI for any of the this latter group was compromised. investigated technical aspects (data not shown). After the best No significant differences were observed for any of the embryos were transferred or cryopreserved, surplus embryos investigated parameters between oocytes that were injected were cultured for another 2 or 3 days. The mean (Ϯ SD) with the polar body at the 6 o'clock position or at the 12 number of cells per embryo and the morphological quality of o'clock position (Table III) . these surplus embryos on day 3 of development was found to Blastocyst development was shown to be significantly higher (P Ͻ 0.05) in zygotes resulting from injection performed by be 3.95 Ϯ 2.33, and 1.69 Ϯ 0.71 (values of 1 for poorest one of the four technicians (no. 4) ( Table IV) . The differences in the number of oocytes injected by the technicians is a with a total cell count of ജ25. Of these 33 blastocysts breakage was associated with high degeneration rates. Comparable types of breakage (sudden, difficult, and normal) were observed previously (Palermo et al., 1996) in similar proportions (11.8, 14.3 and 73.9% of injected oocytes respectively). These authors also found significantly lower survival and fertilization rates in the sudden breakage group. Similar results were obtained by others (Nagy et al., 1995; Carillo et al., 1998) , although in the latter study no lower fertilization rates were found in the group of oocytes that showed immediate membrane breakage. It has been shown in several studies that the position of the polar body during injection affects fertilization, and/or embryonic development rates (Nagy et al., 1995; Van der Westerlaken et al., 1999; Blake et al., 2000) . However, in the present study, no significant differences were found between the 6 and 12 o'clock positions of the polar body for any of the investigated parameters.
The main topic of the present study was the embryonic that of embryos following IVF (Dumoulin et al., 2000) . Reasons for this low incidence of blastocyst formation of evaluated, 15 were fixed on day 5, and 18 on day 6. No embryos obtained after ICSI can either be that spermatozoa apparent differences between groups were noted. All used for ICSI are selected from sperm populations with blastocysts contained at least several cells with numerical relatively high incidences of fragmented DNA and chromochromosomal abnormalities (range between 8% and 79%). No somal abnormalities, and/or that some oocytes are injured true aneuploid embryos were found in which all cells displayed sublethally during the injection procedure (for references, see the same abnormality. No significant correlation was found Dumoulin et al., 2000) . In the present study it was shown that between the percentage of disomic cells for both the sex the injection technique itself can indeed significantly affect chromosomes and chromosome 18 per blastocyst and the pre-implantation embryonic development. Zygotes resulting volume of aspirated cytoplasm (range 2.1-5.8 pl) (Figure 1) . from an injection procedure during which a relatively large Also, no significant differences were found in the percentage volume of cytoplasm was unintentionally aspirated, had a of disomic cells between the two evaluated positions of the lower potential to develop into blastocysts (Table II) , probably polar body (65 Ϯ 6% and 70 Ϯ 3% for the 6 o'clock (n ϭ due to sublethal damage inflicted to the oocyte. Such a large 16) and the 12 o'clock position (n ϭ 18) respectively). No volume of cytoplasm aspirated during ICSI can be caused by apparent differences were noted in the percentage of disomic an accidental manoeuvre of the technician performing the cells between the four technicians performing the ICSI injection. It is also possible that the type of membrane breakage procedure [76 Ϯ 5, 61 Ϯ 8, 66 Ϯ 9 and 66 Ϯ 6% for and the volume of aspirated cytoplasm are not related to the technicians 1 (n ϭ 10), 2 (n ϭ 8), 3 (n ϭ 8) and 4 (n ϭ 8) injection technique per se, but are oocyte-related phenomena respectively]. The type of oolemma breakage could not be (Palermo et al., 1995) . They could reflect a difficulty to breach evaluated with respect to the chromosomal constitution of the oocyte membrane which inevitably leads to application of resulting blastocysts, as too few blastocysts were obtained in stronger suction that cannot be reversed in time at the moment two of the three groups (see Table I ).
the membrane breaks. However, whatever the cause may be of the aspiration of an excessive amount of cytoplasm, it Discussion occurs only in a small minority of oocytes and can therefore account for only a small part of the low incidence of blastocyst Aspiration of cytoplasm into the injection pipette and the resulting breakage of the oocyte membrane during the ICSI formation of embryos obtained after ICSI. More direct evidence for an effect of the injection procedure procedure has been shown to be an important determinant of successful intracytoplasmic injection (Vanderzwalmen et al., itself on the embryonic development is the fact that the individual technician performing the ICSI procedure can signi-1996), although it is not considered by all investigators to be necessary (Mansour et al., 1996) . The present data show that, ficantly affect the developmental capacity of the resulting zygote (Table IV) . The observed differences in blastocyst in our hands, the type of membrane breakage does have a significant effect on damage and fertilization rates. In the development between zygotes obtained by the respective technicians possibly reflect subtle differences in their injection groups of oocytes in which either an immediate or no breakage of the oolemma occurred, fertilization rates were lower than technique. For instance, as shown in Table V , the membrane breakage occurred at a significantly shorter distance from the in the group of oocytes in which the membrane broke after application of suction. Furthermore, immediate membrane tip of the pipette in the group of oocytes injected by the technician who also had the highest blastocyst yield, possibly agreement with findings by others , who reported the same low rate of gonosomal aneuploidy both in reflecting a more sudden aspiration. Others (Tesarik and Sousa, 1995) (Katz et al., 1996; Carillo et al., 1998) . These authors reported 1998; Munné and Cohen, 1998) . Culture conditions and other treatment-related factors have been suggested to influence that rates of fertilization, damage after ICSI, and embryo arrest significantly improve with time; this reflects a learning curve the rate of chromosome abnormalities in embryos that are generated after zygote formation (Munné et al., 1997) . It could and implies that the injection technique requires substantial experience by the laboratory technicians. It was also reported be postulated that after ICSI, injury to the cytoskeleton might lead to minor disturbances in the complex machinery needed ( Van der Westerlaken et al., 1999) that there were interindividual differences between technicians in terms of ICSI for normal karyokinesis, and that cytokinesis that would lead to abnormal chromosomal division, either immediately or results. Analysis of results beyond the time period of the present study showed that the differences between the four during later divisions. One might expect a dose-dependent effect of the volume of aspirated cytoplasm during ICSI on technicians with respect to the blastocyst formation of surplus embryos obtained after ICSI became smaller and was no longer the incidence of chromosomal abnormalities occurring in blastocysts that have undergone five or six divisions since the significantly different, thus probably reflecting a learning curve (data not shown). However, in this extended study period, the pronuclear stage. A more drastic aspiration of cytoplasm could be expected to lead to a more severe disturbance of cytoplasmic differences in blastocyst formation between embryos resulting from IVF or ICSI remained significantly in favour of IVF structures and an increased chance of a disturbed meiotic spindle. However, no correlation was found between the (Dumoulin et al., 2000) . Thus, it can be concluded that the influence of the individual technician performing the ICSI percentage of normal cells (evaluated for both the sex chromosomes and chromosome 18) at the blastocyst stage and the procedure on the blastocyst formation is also limited, and only partly explains the differences between the IVF and ICSI volume of aspirated cytoplasm in the oocytes from which they originated. outcomes.
It has been speculated that ICSI might lead to irregular In conclusion, technical features of the injection procedure do influence subsequent embryonic development to the blastocyst chromosome segregation (Macas et al., 1996; Rosenbusch and Sterzik, 1996) . It can be postulated that the cytoskeletal stage, but probably not to such an extent that it would explain the differences in blastocyst formation between zygotes architecture (and in particular the second metaphase spindle) could be disturbed during the ICSI procedure, either by the obtained after conventional IVF and those obtained after ICSI. Furthermore, the injection technique does not appear to injection pipette itself, or by substances such as culture medium and PVP injected into the oocyte. Aspirating cytoplasm during influence the rate of chromosomal abnormalities that occur in human pre-implantation embryos. ICSI would further increase the chance of disrupting the meiotic spindle. Confirmation of this theory comes from findings of a higher incidence of diffuse cytoskeletal assembly
